Tilia species have been used in Asia, Europe and in America to treat anxiety and also for the treatment of colds and inflammation. The oxygen reactive species (ROS) (hydrogen peroxide (H 2 O 2 ) and the superoxide anion (O 2 ) are involve in the balance cell proliferation/death in lymphocytes. It was reported the presence of flavonoids in Tilia species which possess antioxidant properties. The aim of this study was to determine comparatively the effect of an aqueous (AE) and ethanol (E) extract from Tilia x viridis, on the proliferation of tumoral and normal concanavalin A stimulated murine lymphocytes in relation to antioxidant activities such as peroxidase (Px), catalase (CAT) and superoxide dismutase (SOD) activities involves in H 2 O 2 modulation. Also a phytochemical pattern of the two extracts in relation to flavonoids content was determined. Both extracts presented antiproliferative action on both type of lymphocytes but E was more selective on the tumoral lymphocytes inhibition (EC 50 (µg/ml, Mean ±SEM) (tumoral): 50 ± 4; EC 50 ; (normal lymphocytes): 323 ± 20); this action was related to a high polyphenols content (150 ± 10 mg/g extract) and high "per se" SOD and low Px activities. In conclusion, the extracts could be a source of antioxidant compounds which contribute to a selective antiproliferative action on tumoral cells, acting through the modulation of H 2 O 2 levels.
Introduction
Natural antioxidants from plants such as flavonoids and other polyphenols are known to play an important role in the protection of cells from oxidative damage. Consequently, the antioxidant activity is related to anticancer activities including pro-apoptotic, DNA damaging, antiangiogenic, and immunostimulatory effects [1] Among polyphenols, flavonoids are the principal secondary metabolites that characterize the genus Tilia [2] . Tilia specie widely distributed and used in Argentine folk medicine is Tilia x viridis. This plant is an hybrids between Tilia tomentosa (native to Europe and western Asia) and Tilia Americana. Previously, an ethanol extract from the flowers presented a selective antiproliferative action on a lymphoma cell line named BW 5147 in relation to free radical scavenging activity; in addition, one of its main compounds, the flavonoid rutin, showed antioxidant peroxidase activity related to the inhibition of normal cells proliferation by hydrogen peroxide modulation [3] . In addition, an aqueous extract from other specie of Tilia, T. cordata presented antiproliferative action on BW 5147 cells [4] . Furthermore, hydrogen peroxide plays an important role in the modulation of cell proliferation, stimulating cell proliferation but also leading cells to apoptosis [5, 6] . Previously it was shown that BW 5147 cells possess low level of hydrogen peroxide and high level of superoxide anion in comparison with normal lymphocytes in response to a low level of superoxide dismutase activity [7] .
The aim of this study was to determine the effect of an aqueous extract (AE) from T. x viridis, and compare it with the effects exerted by the ethanol extract (E), on tumoral and normal lymphocytes proliferation in relation to their antioxidant activities such as: linoleic acid peroxidation inhibition, DPPH scavenger activity, catalase (CAT), peroxidase (Px) and superoxide dismutase (SOD) "per se" activities. To determine the participation of Polyphenols in the effect of the extracts, polyphenols were quantified; too the major flavonoids compounds were identified and quantified by HPLC analysis.
(Dippel) Xifreda flowers were collected in the province of Buenos Aires in January and authenticated by Dr Gustavo Giberti (IQUIMEFA-CONICET). A voucher specimen is deposited at Museum of Pharmacobotanic, Faculty of Pharmacy and Biochemistry, UBA (BAF 17414). To prepare the ethanol extract (E), the dried and ground flowers (120.3 g) were extracted twice by maceration with ethanol overnight and filtered. The extracts were pooled, evaporated to dry. A yield of 24.36 g (20.25%) was obtained.
The aqueous extract (AE) was prepared by extraction of 1.5 g of plant material with 20 ml of distilled water at 52˚C during 45 min, followed by maceration at 5˚C for 72 h. The resulting extract was filtered, homogenized and lyophilized, yielding 266 mg of residue. For the experiments, AE was re-dissolved in water and E in absolute ethanol, so that the concentration of ethanol in the wells for cell culture was 0.5%.
Total Phenols Determination
The total phenol content was determined by the FolinCiocalteu colorimetric method described by Singleton [8] . The absorbance was measured at 765 nm and compared with a gallic acid calibration curve. The result was expressed as mg gallic acid equivalents per gram of dry plant (GAE/g).
HPLC: Flavonoids Quantification
The HPLC method used was that of Filip et al. [9] . Briefly, a C18 column was used (Gemini 5 μm, 150 × 4.6 mm) with a Rheodyne injector fitted with a 20 μl loop. Solvent A: H 2 O/AcOH (98:2), solvent B: MeOH/AcOH (98:2), gradient: 15% B to 40% B, 30 min; 40% B to 75% B, 10 min; 75% B to 85% B, 5 min. Flow rate: 1.2 ml/min. Detection: diode array detector at 263 nm. Rutin and kaempferol were identified by comparison of their retention times to those of authentic standards, and quantification was carried out by use of an external standard as described previously [9] .
Cell Culture, Antiproliferative Activity and Viability Studies
The tumour cell line BW 5147 (Institute fur Virologie und Immunobiologie der Universitat Wurzburg, Germany) is a T cell lymphoma cell line that expresses the H-2 k haplotype, is CD3 + and has a TCR as determined by flow cytometric analysis. Cells were cultured at optimal concentrations of 3 × 10 5 cells/ml in RPMI 1640 medium (GIBCO) supplemented with 10% fetal calf serum (FCS), 2 mM glutamine and antibiotics (100 U/ml penicillin and 100 µg/ml streptomycin). Lymphoid cell suspensions from C3H (H-2d) inbred male mice (2 -4 months old) were prepared from lymph nodes obtained aseptically from nylon wool purification of T cells as described previously [10] . Normal cells, at a concentration of 1 × 10 6 cells/ml, were cultured in the same medium as the tumor cells, but in the presence of a polyclonal mitogen, concanavalin A (Con A) 2 µg/ml [10] . Cells were cultured at a final volume of 0.2 ml in 96-well flat-bottom microtiter plates (Nunc) during 24 h and then pulsed with [ 3 H]TdR (20 Ci/mmol) for the last 6 h as previously described [11] . Results were expressed as cell proliferation (% of inhibition): [dpm control -dpm treated/dpm control × 100]. Data represent the mean  SEM of three experiments performed in triplicate. The effective concentration 50 (EC 50 ) values were calculated from data obtained graphically, using a mathematical method based on the principle of the right-angled triangle: CE 50 = D -[(A -50% max response)X]/Y [12] . Animals were used according to the Guide for the Care and Use of Experimental Animals (DHEW, NIH 80-23). Cell viability was determined by the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma). Briefly, the cells (1 × 10 6 /ml), treated with AE and E during 24 h were incubated in 100 l of RPMI 1640 containing 10 l of 5 mg/ml MTT (Sigma, St. Louis, MO, USA). The untreated cells were used as controls for viability (100%) and the results were expressed as % of viability relative to control [7] .
Apoptosis Assay
The percentage of cells with apoptotic morphology was determined by staining the nuclei with Hoechst dye. For this, tumoral and normal lymphocytes were incubated in 24-well plates with different concentrations of the extracts for 24 h. A control test without extracts was carried out. Aliquots of these cultures were fixed with methanol on a glass, stained with Hoechst dye during 15 minutes and then washed with PBS 1×. Nuclear morphology was observed under a fluorescence microscope (Olympus) at 400× [13] .
To determine whether the ethanol extract induced nuclear changes compatible with apoptosis, 10 5 tumoral lymphocytes were incubated in 24 well plates, with and without different concentrations of the extract. Cells were then washed twice with PBS, resuspended in 1 × binding buffer at a concentration of 1 × 10 6 cells, aliquots of 1 × 10 5 cell were incubated with annexin V-FITC (SIGMA) and Propidium iodide (SIGMA), for 15 min at room temperature in the dark. Samples were shaken gently, diluted with binding buffer and analyzed by flow cytometry within 1 hour of processing. A control of apoptosis was done, incubating the cells in the same medium without FCS during 48 h. ferric thiocyanate method (FTC) and DPPH scavenger activities. For FTC a volume of 0.8 ml of each concentration of extracts was mixed with 0.05 M phosphate buffer pH 7 and 2.5% linoleic acid in ethanol to obtain 4 ml of solution. The resulting solutions were incubated at 38.5˚C in a glass flask. Aliquots were taken at regular intervals and a FeCl2/ammonium thiocyanate solution was added in order to allow any peroxides resulting from the oxidation of linoleic acid to react, forming a complex that can be detected spectrophotometrically at 500 nm (Shimatzu UV 2101). This step was repeated every 24 h until the control (phosphate buffer plus linoleic acid) reached its maximum absorbance value. Therefore, high absorbance values indicated high levels of lino1eic acid oxidation. Phosphate buffer was used as reaction blank. The total antioxidant activity was expressed as the average of three independent determinations carried out in duplicate. The percentage of inhibition of lipid peroxidation of linoleic acid was ca1culated applying the following equation: Inhibition of lipid peroxidation (%) = 100 -[(As/Ao) × 100], where Ao is the absorbance of the control reaction (linoleic acid alone, 100% peroxidation) and As is the absorbance obtained in the presence of the sample extract or positive control of antioxidant activity (1 mg/ml ascorbic acid) [14] .
Scavenging activities of the extracts on the stable free radical DPPH were assayed using the modified Blois´ method in which the bleaching rate of DPPH is monitored at a characteristic wavelength in presence of the sample [15] . A volume of 0.1 ml of an aqueous dilution of the extracts were mixed with 0.5 ml of a 500 μM DPPH solution in absolute ethanol and 0.4 ml of a 0.1 M Tris-ClH buffer pH 7.4. The mixture was kept for 20 min in the darkness and then the absorbance was read at 517 nm. The percentage of decrease of DPPH bleaching was calculated by measuring the absorbance of the sample and applying the following equation: % of inhibition = [1 -(As/A0)] × 100, where As is absorbance of sample (i.e., extracts) and Ao is the absorbance of the DPPH solution. Ascorbic acid solutions of different concentrations were used as positive controls for antioxidant activity.
The effective concentration 50 (EC 50 ) values were calculated using the mathematical method explained before.
Catalase (CAT), Peroxidase (Px) and Superoxide Dismutase (SOD) "Per Se" Activities
To determine CAT activity, the sample, 50 µl of AE and E was added to a sodium phosphate buffer (50 mM), pH: 7 and 100 mM (v/v) H 2 O 2. The absorbance was monitored for 5 min at 240 nm. The change in absorbance is proportional to the breakdown of H 2 O 2 , one unit of the enzyme activity was defined as the amount of the enzyme required for the breakdown of 1 µM H 2 O 2 [16] .
To determine SOD activity the effect of the extracts was evaluated on epinephrine autoxidation inhibition. The sample, 50 µl of AE and E was treated with 910 µl of sodium phosphate buffer (0.05 M) pH: 10.7 and epinephrine 1 mM. Under these conditions the epinephrine rapidly undergoes to auto-oxidation to produce the adrenochrome, which is a pink colored product that can be measured at 480 nm using a UV/visible spectrophotometer in kinetic mode. The antioxidant activity of sample was evaluated as the % of epinephrine auto-oxidation inhibition. The rate of absorbance was monitored at 480 nm, and ∆ absorbance/min was determined to calculate the % of inhibition as: [(Abs/min Control -Abs/min sample)/Abs/min Control] × 100. To calculate SOD activity, it was taken account that 50% of inhibition of epinephrine auto-oxidation represents 1 Unit/ml [16] .
To determine Px activity, extracts (from 1 to 1000 µg/ml) were diluted with Krebs-Henseleit buffer (pH: 7.4) containing: 125 mM NaCl; 4.0 mM KCl; 0.5 mM NaH 2 PO 4 ; 0.1 mM MgCl 2 ; 1.1 mM Ca Cl 2 and 5.0 mM glucose. The peroxidase activity was determined by the method described by Herzog and Fahimi [17] . Briefly, 50 µl of each sample were incubated with 925 µl of 5 × 10 -4 M 3', 5'. diaminobencidine tetrahidrochloride (DAB) (Sigma, St Louis, Mo, USA) and 25 µl of H 2 O 2 (a solution of 30% H 2 O 2 , diluted 1/86 in distilled water) in a final volume of 1 ml. A DAB solution without H 2 O 2 was used as reaction blank. In all cases the reaction was initiated by the addition of H 2 O 2 and the change in OD readings was recorded at 30 sec intervals for 5 min using a Shimadzu recording spectrophotometer UV-240 (graphic printer PR-1) set at 465 nm. The ∆ absorbance/min was calculated. A calibration curve of peroxidase concentration vs ∆ absorbance/min was plotted using horseradish peroxidase obtaining a linear relationship in the range of 1.95 × 10 -3 to 2.5 × 10 -5 U/ml. The activity of samples was calculated by interpolation in the standard curve.
Statistical Analysis
Data was analyzed by the Student's t test and one way ANOVA and Dunnett's test. Differences were considered significant when p  0.05.
Results
Firstly, the effect of both extracts AE and E was analyzed on tumoral and normal cell proliferation and viability. Both extracts presented antiproliferative action on a lymphoma cell line BW 5147 and on normal lymphocytes previously stimulated with concanavalin A (Figures 1(a)  and (b) ). The antiproliferative action was directly related to extract's concentrations. The EC 50 for the antiproliferative action on tumoral cells was higher with AE than E, also on normal Con A stimulated lymphocytes, the EC 50 value for antiproliferative action was higher with AE than E ( Table 1) . With respect to cell viability, on tumoral cells E decreased it significantly over 500 µg/ml meanwhile AE decreased it significantly at higher concentrations; on normal cells E decreased cell viability over 1000 µg/ml but AE decreased it at higher concentrations (Figures 1(c) and (d) To relate the effect on cell viability with apoptosis, Hoechst analysis was done. As well, E extract did not produce muclear morphology compatible with apoptosis on normal lymphocytes exerted this phenomenon on tumoral ones in relation to concentrations. By other way, AE exerted principally signals compatible with necrosis over 5000 µg/ml in both normal and tumoral lymphocytes ( Table 2) . To confirm the apoptosis signal observed on tumoral cells with E, a flow citometry study was performed. Table 3 inserted, it can be seen BW 5147 cells without any treatment as control, and in Figures 2(c) and Table 3 inserted, it can be seen cells treated with E (500 µg/ml), which were in late and early apoptosis. To relate the effect on cell proliferation with the antioxidant activity, the antioxidant activity in relation to linoleic acid peroxidation inhibition and DPPH scavenger activities were determined. As it can be seen in Figure 3 , both extracts presented peroxidation inhibitory activity and DPPH scavenger activity in direct relation to concentrations and in comparison with vitamin C (EC 50 (µg/ml) for FTC: E: 12.5 ± 1 and AE: 6.4 ± 0.5; for DPPH scavenger activity: E: 21.84 ± 2; AE: 7.24 ± 0.5.
In addition, CAT, SOD and Px like activities were determined for both extracts. Both extracts presented CAT activity in relation to concentrations, AE presented a maximum CAT activity higher than E (Figure 4(a)) ; also, both extracts presented SOD activity in relation to concentrations (Figure 4(b)) ; the extracts presented too Px activity, with AE a maximum Px activity was found at 50 µg/ml meanwhile with E the activity was related to the concentrations.
Also, the polyphenol content as well as the majority flavonoids were determined. In Figure 5(a) it can be seen the HPLC chromatogram of AE and in Figure 5 
Discussion
In this manuscript the effect of AE on tumoral and normal lymphocytes proliferation was demonstrated and compared to the effect exerted by E; both extracts were obtained from Tilia x viridis flowers. The extracts presented different selectively effect on both type of lymphocytes depending on H 2 O 2 modulation, through CAT, Px and SOD like activity, and antioxidant general activity. AE was more selective in the inhibition of normal ConA stimulated lymphocytes meanwhile E was more selective to inhibit tumoral cells. Polyphenol content contribute to the antiproliferative action on tumoral cells.
AE extract exerted inhibitory action on tumoral and normal pre-ConA stimulated lymphocytes as well as E. But E was more selective on the inhibition of tumoral cells, in accord to its EC 50 value, which was 6.5 times lower for tumoral cells inhibition than normal cells inhibition. By other way, AE was more selective to inhibit Con A stimulated lymphocytes as its EC 50 for this activeity was 9 times lower than that of tumoral cells. The selective antiproliferative action of E was before described, but no studies on cell viability and apoptosis were done [3] . Therefore, cell viability was studied in order to determine cytostatic or cytotoxic action. Both extracts presented cytostatic and cytotoxic effects depending on the concentrations analyzed. On tumoral cells, at low concentrations, AE and E exerted cytostatic action as a decrease in cell proliferation was observed without a change in cell viability, the same could be observed on normal cells but at high concentrations a decrease in cell proliferation was accompanied by a decrease in cell viability which revealed a cyotoxic effect. Moreover, E exerted Results were expressed as mean ± SEM of three or more determinations made by duplicate.
mainly apoptosis on tumoral cells meanwhile AE exerted necrosis. The apoptosis induced by E in tumoral cells was confirmed by flow cytometry; E principally induced cells to late apoptosis and necrosis, which could explain the decrease in cell viability observed with concentrations over 500 µg/ml. These results are in accordance with results obtains with an aqueous extract from another specie of Tilia, Tilia cordata Mill [4] . In order to relate the antiproliferative action with the antioxidant activity, firstly the inhibition of linoleic acid peroxidation and DPPH scavenger activities were performed as general methods to evaluate antioxidant activity. As well as, both extracts presented general antioxidant activities, AE was more potent for both activities, as it presented low EC 50 values than E. While a good correlation between general antioxidant activities and antiproliferative activity on normal Con A stimulated lymphocytes was observed with AE, it presented high EC 50 values for the inhibition of tumoral cells, indicating a more selective action on normal Con A stimulated lymphocytes. Probably these effects were related to the high antioxidant activity exerted by this extract as it is well known that, Con A induced oxidative stress in mice. Shirin [18] observed that, reactive oxygen species play a role in immune-mediated Con A-induced hepatitis probably secondary to immune-mediated liver damage; also it was observed that, scavenging of reactive oxygen species by antioxidants prevents hepatitis. Others, have demonstrated that, using in vivo and in vitro models of liver cell injury, antioxidant like ellagic acid are capable of protecting hepatocytes from VK3-or ConA-induced liver damage by a mechanism consistent with its putative antioxidant activity, also these results indicate that ROS are critical mediators of hepatocyte death and liver damage in the ConA model of fulminant liver failure [19] . Furthermore, Con A is related to the production of homocysteine in lymphocytes, effect reverses by resveratrol, an important antioxidant [20] . Homocysteine in turn increases oxidative stress and is closely related to accumulation of asymmetric dimethylarginine [21] .
Despite the major antioxidant activity exerted by AE extract, it presented less polyphenol and flavonoids content than E. Although, total polyphenols shows a good correlation with antioxidant activity, some authors have observed that, not always this occurs. Padilla [22] demonstrated that the pericarp of Melicoccus bijugatus presented the lowest polyphenol content (1.40 g GAE/100 g) but a high reducing power and DPPH scavenger activity. The authors noted that the difference in the chemical structure of each of the polyphenols present in the different samples can be reacted as electron donors or not, a feature that will influence the power reducer. Also authors, explained that reducing power is related to the presence of reductones, which are strong reducing agents, fairly strong acids and commonly derived from saccharides by oxidation at the carbon atom alpha to the carbonyl function, in this sense, flavonols/procianidins could act similarly to reductones.
By other way, the major potency exerted by E on tumoral cells inhibition could be related to the high content in polyphenols and flavonoids but also with it antioxidant activity related to H 2 O 2 scavenger activity. It is known that polyphenols are related to antioxidant activity as well as antiproliferative action [23] [24] [25] [26] . By other way, the role of H 2 O 2 level on the modulation of cell proliferation and death was before observed. In hamster and rat fibroblast and in tumor cells such as human histiocytic leukaemia cells low concentrations of H 2 O 2 (10 µM -1 µM) exerts a stimulatory effect on cell proliferation [5] . In contrast, H 2 O 2 treatment of cells with concentrations of about 10 -4 M causes activation of NFB, phenomenon related to a decrease in cell proliferation associated with DNA damage, mutations and genetic instability [6] .
In order to find a correlation between the effects observed on proliferation with the antioxidant activity, the antioxidant activity of the extracts related to H 2 O 2 modulation was analyzed. It can be said that, AE presented more CAT and Px "per se" activities, related to H 2 O 2 scavenging activity and E exerted more SOD activity, which is related to H 2 O 2 synthesis. Previously it was demonstrated that, BW5147 cells presented low quantity of H 2 O 2 in comparison with normal lymphocytes, because of low SOD activity [7] ; in addition it was reported that, the increase of H 2 O 2 is related to the antiproliferative action of an aqueous extract form L. divaricata in these same cells [27] . For example, it has been demonstrated that some tumor cells, can produce variable levels of H 2 O 2 according to the activity of antioxidant enzymes such as the Mn +2 -dependent superoxide dismutase (SOD). As well as, SOD, catalase and peroxidase are the major antioxidant intracellular enzymes in mammalian cells in protecting cells from the damage by ROS, low expression of antioxidant enzymes has been observed in numerous solid tumors and the increase in Mn +2 -SOD expression induced the inhibition of breath cancer cells [28, 29] . Moreover, the anticancer effects of Mn +2 -SOD can be reverted by the overexpression of catalase and peroxidase supporting that the anticancer effect exerted by Mn +2 -SOD is mediated by increase of H 2 O 2 [30, 31] . In fact, the antiproliferative action of E and AE exerted on tumoral cells could be related to their SOD like activity. But the major SOD activity exerted by E could explain it selective action on tumoral cells inhibition as well as the presence of polyphenols.
Both extracts presented a similar chemical Pattern about flavonoids content, but E also presented quercetin and AE did not. Quercetin possess both antioxidant action but also can increase SOD activity in numerous cells, also in tumoral cells such as human hepatoma cells, in-creasing H 2 O 2 level and conducing cells to apoptosis [32] , so this compound could contribute to the antiproliferative action of E exerted on tumoral cells. Also it was demonstrated that quercetin presented SOD like activity [33] , also this compound could contribute to the SOD like activity presented by E.
By other way, E presented more rutin content (2.7 times more than AE). Previously it was demonstrated that, rutin exerted Px "per se" activity related to H 2 O 2 elimination [3] , but also it was demonstrated that an aqueous extract from T. x viridis presents stimulating effect on normal lymphocytes without Con A pre-stimulation, not only "in vitro" but also "in vivo", in relation to rutin presence [34] . So, taking into account the Px "per se" activity of rutin, this compound probably could not be related to the antiproliferative action of the extracts on tumoral cells. Nevertheless, more studies related to the activity of rutin on tumoral and normal lymphocytes proliferation as well as its antioxidant activity are being performed.
In conclusion, depending on the methodology of extraction a plant could exert a selective antiproliferative activity on tumoral cells or not. In this lymphoma cell line, not only the presence of polyphenols was important to exert antiproliferative activity but also, the presence of compounds capable to exert an induction of H 2 O 2 level.
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